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地区之一。我们用线粒体 Cyt b 基因和 12S rRNA 基因为分子标记，结合传
统的形态特征统计分析及形态观察，首次证实：1. 厦门海域分布有两种文昌
鱼，一种为白氏文昌鱼(B. belcheri)，另一种为白氏文昌鱼青岛亚种(B. belcheri 
tsingtauense)，鉴于厦门海域这两种文昌鱼遗传和形态上的明显差异，建议将
原先的白氏文昌鱼青岛亚种提升为种，即 B. tsingtauense。2. 在厦门海域首
次发现有青岛文昌鱼(B. tsingtauense)的分布。3. 用本研究设计的物种特异性
引物进行多重 PCR，可准确地鉴定目前我国已知的 2 种鳃口文昌鱼属动物。 
本实验以总基因组 DNA 为模板，利用 4 个 LA-PCR 扩增获得白氏文昌
鱼(B. belcheri)的全长 mtDNA。用引物步移的方法(primer walking)完成白氏文
昌鱼(B. belcheri)的全长 mtDNA 测定。白氏文昌鱼(B. belcheri) mtDNA 全长
为 15182 bp，是目前 6 种文昌鱼 mtDNAs 中最长的，长的基因组体现在基因
组中的多个编码区，尤其是非编码区。基因组结构与脊椎动物的典型结构相
比，只有 4 个 tRNA 基因及最大非编码区的位置重排。白氏文昌鱼(B. belcheri) 
mtDNA 全序列已提交 GenBank，登录号：AY932825。 
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GenBank 上已公布的另外 3 种鳃口文昌鱼属动物(即 B. lanceolatum，B. 
floridae 和 B. tsingtauense) 及 2 种侧殖文昌鱼属物种 (Epigonichthys 
maldivensis，E. lucayanus)，进行基因组水平比较，及探讨文昌鱼类群的系统
发生关系。基因组水平比较及系统发生分析显示：1. 虽然 Spruyt 和 Boore
等的先前研究认为文昌鱼的非编码区很短（最大非编码区在 43 bp-185 bp 之
间），似乎没有控制区的功能，但是我们的比较分析显示文昌鱼的最大非编
码区中有类似 CSB1 和 CSB3 保守序列，且能与其邻近序列形成茎环结构
(stem-and-loop structure)，暗示文昌鱼的最大非编码区可能有部分控制区的功
能。2. 白氏文昌鱼(B. belcheri)和青岛文昌鱼(B. tsingtauense)间，虽然在
mtDNA 序列水平已有明显的分化，但是这 2 种文昌鱼在基因组结构上完全
一致，碱基组成，密码子使用偏好等方面都很接近。3. 鲁卡侧殖文昌鱼(E. 
lucayanus，即原先的 Asymmetron lucayanus)基因组结构相对于其它 5 种文昌
鱼(包括同属的 E. maldivensis)发生了多处重排，而且其碱基组成、密码子使
用偏好等与其它各种文昌鱼也都有明显差异，序列分析显示侧殖文昌鱼属(即
原先的 A. lucayanus 和 E. maldivensis)为并系群(paraphyly)。线粒体基因组水
平证据支持 Nishikawa 等提出的恢复偏文昌鱼属(Asymmetron)的观点。4. 16S 
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Abstract 
 
The amphioxus (subphylum Cephalochordata) is the closest living 
invertebrate relative of the vertebrates. Fossil record indicated that the lineage of 
amphioxus appeared in the earth about 5 hundred million years ago. Nearly 250 
years of biological study history since its discovery, amphioxus has been favored 
or ignored for several times by biological community. In the last two or three 
decades, amphioxus reoccupied the important role in understanding the origin 
and evolution of vertebrate due to the bloom of molecular techniques. However, 
most current studies on amphioxus focused on the relationships between 
Cephalochordate and Vertebrate, very few on the phylogeny and taxonomy 
within the amphioxus group.  
This thesis studies on the amphioxus living in Xiamen Oucuo and 
Huangcuo Rare Marine Creature Conservation Areas, combining with the 
methods of traditional statistical analysis of morphological characters and 
mitochondrial 12S rRNA gene sequence. The results clearly indicate: 1. There are 
two Branchiostoma species distributed in Xiamen waters. One is B. belcheri, the 
other is the original B. belcheri tsingtauense. Based on the clear difference 
between B. belcheri and B. belcheri tsingtauense in Xiamen waters, we can 
reasonably suggest that B. belcheri tsingtauense should be elevated to species 
level on the nomenclatorial rule, namely B. tsingtauense. 2. This is the new record 
of B. tsingtauense in Xiamen waters. 3. Multi-PCR with the specific primers 
designed in this study can effectively identify the 2 Branchiostoma species living 
in Xiamen waters. 
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LA-PCR reactions from total-genomic DNA template. Sequencing of complete 
mtDNA of B. belcheri was finished with primer-walking method. The total length 
of mtDNA of B. belcheri is 15182 bp, which is the longest mtDNA among 
knowen amphioxus mtDNAs. The big size of mtDNA of B. belcheri is accounted 
for the elongate in many coding regions, especially the non-coding region. The 
mitochondrial genome organization of B. belcheri is identical to the typical 
structure of vertebrate except the rearrangements at 4 tRNA genes and the longest 
non-coding region. Complete mtDNA sequence of B. belcheri has deposited to 
GenBank under accession number AY932825. 
We performed genome-wide comparative analysis among amphioxus group, 
including 2 Epigonichthys species (E. maldivensis， E. lucayanus) and 4 
Branchiostoma species (B. belcheri，B. lanceolatum，B. floridae and B. 
tsingtauense). Comparative genome and phylogenic analysis suggest: 1. Although 
Spruyt and Boore et al. thought that the non-coding region of amphioxus is too 
short and without distinct D-loop characters, and assumed that the non-coding 
region of amphioxus had no regulative function, previously. However, present 
comparative analysis showed some regulative-like elements in the longest 
non-coding region of amphioxus, such as CSB1 and CSB3, which implied that 
the longest non-coding region of amphioxus mtDNA probably take partial 
function of mt-genome regulative elements. 2. In spite of the distinct divergency 
at DNA sequence level between B. belcheri and B. tsingtauense, the gene 
organization is complete identical between them, and the base composition as 
well as codon usage are very similar between them too. 3. The gene order of E. 
lucayanus (the original Asymmetron lucayanus) is different to that of any other 
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analysis presents the paraphyly of genus Epigonichthys. Obviously, 
mitochondrial genome-level evidence supported the proposal of recovering the 
genus Asymmetron by Nishikawa et al. 4. Although, partial 16S rRNA and COI 
gene sequences showed that the monophyly of Atlantic Branchiostoma species 
and paraphyly of Pacific Branchiostoma species, the determined phylogenic 
relationships of two oceans Branchiostoma species are still wait for more species 
sequence information. 5. Disparity existing between molecular phylogeny and 
morphological similarity implies that current amphioxus taxonomic characters 
could not reflect the phylogenetic relationships among the amphioxus. Clearly, 
there are many remains to be investigated in the process of morphological 
evolution in amphioxus. 
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图 1-1：文昌鱼解剖图[1] 
Fig. 1-1 Amphioxus anatomy map 
A：腹面图(自 Parker and Haswell)；B：侧面图(自 Parker and Haswell)；C：部分纵剖面(Storer)。 
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